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(54) Single antenna system for determination of speed and direction of movement 



(57) The invention provides a circuit for analyzing 
backscatter-modulated RF signals received from a 
remote transponder to determine whether the trans- 
ponder is stationary or moving toward the reader or away 
from it and, if moving, the rate at which the transponder 
is coming or going. The circuit of the invention can be 
integrated with existing readers of the type described in 
U.S. Patent No. 4,739,328 and requires only a single 
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antenna. In response to the signal received from a trans- 
ponder, the invention circuit generates three signals, 
each having a different phase. By analyzing the pattern 
and frequency of signal state changes in the three sig- 
nals, the invention can determine the transponder's 
speed and direction of movement. 
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Description BRIEF DESCRIPTION OF THE INVENTION 



This invention relates to a circuit for analyzing back- 
scatter-modulated RF signals received from a trans- 
ponder to determine whether the transponder is 
stationary or moving toward the receiver or away from it 
and. if moving, the rate at which the transponder is com- 
ing or going. 

BACKGROUND OF THE INVENTION AND PRIOR 
ART 

Systems for remote identif ication of objects are use- 
ful for many purposes, including identifying and locating 
objects such as trains or automobiles. Such systems use 
RF signals to communicate information between a 
reader apparatus and a transponder attached to the 
object. Each transponder has an individual code contain- 
ing information related to and identifying the object to 
which it is attached. The reader sends an RF signal to 
the remote transponder. An antenna in the transponder 
receives the signal from the reader, backscatter-modu- 
lates the received signal with data temporarily or perma- 
nently stored in the transponder, thereby producing a 
sequence of signals in accordance with the trans- 
ponder's individual code, and reflects this modulated sig- 
nal back to the reader to pass the information contained 
in the transponder to the reader. The reader decodes 
these signals to obtain the information from the trans- 
ponder. Likewise, the transponder may decode signals 
received from the reader and write information to the 
transponder's memory. The details of these transpond- 
ers and readers have been previously described in U.S. 
Patent No. 4,739,328, which is hereby incorporated by 
reference. 

However, the system described in U.S. Patent No. 
4,739,328 provides no information about the speed and 
movement of the transponder with respect to the reader. 
While there are known techniques for determining rela- 
tive movement, those techniques are unsatisfactory for 
use in the reader/transponder system described above. 
For example, a common Doppler radar can only sense 
velocity and direction of movement above some mini- 
mum relative velocity and it cannot sense when a target 
object is stationary. Also, Doppler radars typically use a 
low frequency range that is incompatible with the 
reader/transponder systems in which this invention is 
intended to function. Koell e and Depp described another 
technique in an article entitled, "Doppler Radar with 
Cooperative Target Measures to Zero Velocity and 
Senses the Direction of Motion," in Proceedings of the 
IEEE, March 1977. However, that technique requires use 
of additive and subtractive phase terms and is also 
incompatible with present reader/transponder systems 
that use frequency shift keying or biphase codes to con- 
vey information between the reader and transponder. 
Other techniques have been described using a receiver 
with more than one antenna, as in U.S. Patent No. 
4,728,955. 



The invention provides a circuit that can be inte- 
grated with a reader of the type described in U.S. Patent 

5 No. 4,739,328 to determine the speed and relative 
motion of a transponder. Using a single antenna, the cir- 
cuit of the invention can determine whether the trans- 
ponder is coming toward the reader or going away from 
it, regardless of the speed of such movement, and can 

10 also determine when the distance between the reader 
and transponder is constant. In response to the signal 
the reader receives from the transponder, the circuit of 
the invention generates three signals, each having a dif- 
ferent phase. The invention then detects when those sig- 

15 nals change state (i.e., become inverted or non-inverted) 
and stores the pattern of signal state changes. Finally, 
the invention compares the present pattern of signal 
state changes to the pattern it has stored to determine 
the transponder's speed and direction of movement. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic diagram showing a portion 
of the prior art reader circuit. 
25 Figure 2 illustrates the states of inversion of the sig- 
nals generated by the circuitry in Figure 1. 

Figure 3 is a schematic diagram of the circuit of the 
invention. 

Figures 4a and 4b illustrate waveforms of signals 
30 generated by the circuit of the invention and used to 
determine speed and relative movement. 

Figure 5 is a block diagram of another embodiment 
of the invention. 

35 DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT OF THE INVENTION 

Figure 1 shows a portion of the reader circuit 
described in U.S. Patent No. 4,739,328. Antenna 20 

40 receives signals from a transponder, and those signals 
are then introduced to mixers 32 and 34. The interrogat- 
ing RF signals from source 30 are also introduced to 
mixer 32 and are shifted in phase by 90° as at 36 before 
being introduced to mixer 34. The signals from mixers 

45 32 and 34 are respectively amplified linearly at 40 and 
42 and then introduced to a mixer or third channel com- 
biner 44. The signals from amplifier 40, mixer 44 and 
amplifier 42 are respectively introduced to amplifiers 46, 
48 and 50, each of which provides a high gain followed 

so by a limitation in amplitude. 

The amplitudes of the output signals of RF mixers 
32 and 34 are a function of the relative RF phase 
between the information-bearing input signal returned 
from the transponder and the reference RF signal gen- 

55 e rated by source 30. If A is the input signal from the 
antenna and § is the RF phase shift between A and the 
reference signal, mixer output B (for Baseband signal, 
as this is a homodyne detector) will be B = k A cos(<|>) , 
and will vary with <J>. 
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The phase of the RF signal returned to the reader 
antenna from the transponder relative to the phase of the 
RF signal being sent to the transponder by the reader is 
a function of the round trip distance over the path from 
the reader antenna to the transponder and bade If <t> r is s 
the phase shift over distance r t and X is the wave length 
of the reader RF signal, then the phase shift is: 

*r " 2_r 

i 

As the distance r between the transponder and 
the reader varies, then, there is a corresponding varia- 
tion in 4> p which in turn affects the amplitudes of the out- 
puts of mixers 32 and 34. As the transponder moves from 
one location to another one can observe this motion in 
the way the output signals from mixers 32 and 34 change 
relative to each other. Thus, in addition to a sequentially 
coded message that is amplitude modulated onto the 
reflected RF carrier signal, as described in U.S. Patent 
No. 4,739,328, the transponder return signal carries 
information as to the location of the transponder relative 
to the reader antenna in its RF phase. 

In prior art implementations, this phase shrft-and 
therefore the transponder position information- was 
ignored, and the reader was used only to decode and 
reproduce the transponder message code. Indeed, the 
system described in U.S. Patent No. 4,739,328 is 
designed to prevent the varying RF phase of the trans- 
ponder return signal from interfering with the decoding 
process. 

Referring to Figure 2, signals 60, 62 and 64 repre- 
sent the amplitudes and states of inversion of the output 
signals provided by amplifiers 46, 48 and 50, respec- 
tively. These amplifiers are limiting amplifiers. For all 
input signals larger than very small ones (which are 
below the level that may be processed) the output is a 
pulse train of standardized peak-to-peak amplitude. The 
actual output signals from amplifiers 46, 48 and 50 are 
binary signals because the voltage is either at one limit- 
ing value or the other. In addition, these three signals can 
be inverted relative to each other, depending on the rel- 
ative phases of the antenna return signal and the refer- 
ence signal into mixers 32 and 34 (Figure 1). 

Figure 2 shows how the states of inversion of the 
three signals 60, 62 and 64 change with (J> r Figure 2 also 
shows the inversion states changing abruptly with 
changes in phase, which is a close approximation to their 
actual behavior because the amplification is so high that 
a very small change in phase makes the difference 
between a fully limited amplifier output signal of one 
polarity versus an amplifier output signal of the opposite 
polarity. Signals 60, 62 and 64 collectively supply infor- 
mation about the transponder's speed and direction of 
movement. The invention provides a circuit to extract and 
report that information. 

Figure 3 shows an elementary circuit that will deter- 
mine speed and direction from signals 60, 62 and 64. 
Exclusive-OR gate 70 operates on signals 60 and 64 to 
produce signal 71 . Similarly, exclusive-OR gate 72 oper- 



ates on signals 62 and 64 to produce signal 73 and exclu- 
sive-OR gate 74 operates on signals 60 and 62 to 
produce signal 75. Typical waveforms for signals 71, 73 
and 75 are shown in Figures 4a and 4b. Figure 4a shows 
the pattern of signal state changes that occurs when the 
transponder is moving away from the reader-i.e., when 
the RF phase angle is increasing. Figure 4b shows the 
pattern of signal state changes that occurs when the 
transponder is moving toward the reader-i.e., when the 
RF phase angle is decreasing. As can be seen from Figs. 
4a and 4b, the order or sequence of signal state changes 
varies, depending on whether the transponder is moving 
toward or away from the reader. 

Referring again to Fig. 3, resistor 80 and capacitor 
81 collectively operate as a low-pass filter to remove tran- 
sient signal spikes or slivers in signal 71 that may be 
caused by slight differences in the edge timing of signals 
60 and 64. Resistor 83 and capacitor 84 provide low- 
pass filtering for signal 73, and resistor 86 and capacitor 
87 perform the same function for signal 75. Although 
analog circuitry is shown, the desired low-pass filtering 
can also be accomplished using digital circuitry. Schmitt 
triggers 82, 85 and 88 reshape signals 71, 73 and 75, 
respectively, to provide fast transitions. The flip flops in 
logic element 90 store the signal state change informa- 
tion provided by signals 71 , 73 and 75 and determine 
whether the pattern of signal state changes indicates 
that the transponder is coming toward the reader or mov- 
ing away from it. Logic element 90 reports the trans- 
ponder's direction of movement by causing light-emitting 
diode 98 either to activate or remain dark. 

It can be seen from Figs. 4a and 4b that signals 71, 
73 and 75 each change state at regular intervals as the 
distance between the transponder and reader changes. 
Thus, the transponder's speed can be determined by 
observing the frequency of signal state changes in any 
of signals 71, 73 or 75. Referring to Fig. 3, signal 73 is 
connected to light-emitting diode 96, which toggles on 
and off as the state of signal 73 changes. The frequency 
at which LED 96 toggles is directly proportional to the 
speed of the transponder. 

In an alternative embodiment, a microcontroller is 
used to determine the transponder's direction of move- 
ment. In Figure 5, for example, signals 60, 62 and 64 are 
passed through digital pattern filter 130. The filtered sig- 
nals are then fed to multiplexer 140, which routes the 
incoming signals either to FIFO 150 or FIFO 160, as 
directed by flip-flop 120. Each FIFO is designed to store 
n samples, where n corresponds to the transponder 
frame period. The reader generates a "LOCK" signal on 
line 100 to denote that it has received and read a com- 
plete and valid transponder frame. Upon receipt of a 
LOCK signal on line 100, sampler 110 triggers flip flop 
120 which in turn instructs MUX 140 to begin directing 
samples to the other FIFO. If a FIFO has loaded n sam- 
ples and sampler 110 has not yet received a LOCK signal 
on line 100, then the FIFO will load an additional sample 
(n+1 ) and discard thef irst of the n samples. This process 
continues until sampler 110 receives a LOCK signal. 
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When LOCK occurs, the n samples stored in the chosen 
FIFO are presumed valid. At that point MUX 140 begins 
sending samples to the other FIFO, and samples stored 
in the first FIFO are forwarded to microcontroller 170. 

Microcontroller 170 determines if the patterns 
received from the FIFO are "coming" or "going" patterns, 
also referred to as "set" and "reset" patterns. It does so 
by comparing the received patterns to "set" and "reset" 
programmable pattern counters, which also tell the 
microcontroller how many repeating "set" or repeating 
"reset" patterns are needed confirm a match. While 
microcontroller 170 tests the output of one FIFO, the 
other FIFO collects the next group of pattern samples. 
Thus, the microcontroller must finish testing the samples 
from the first FIFO before the next LOCK signal or com- 
plete transponder frame can occur, at which time the 
microcontroller will receive a new group of pattern sam- 
ples from the other FIFO. Microcontroller 1 70 first com- 
pares received patterns to the "set" pattern counter. After 
it finds a match with the "set" pattern counter, it looks for 
a match with the "reset" pattern counter. Once it has 
matched both "set" and "reset" patterns, microcontroller 
170 generates a pulse on line 200 and restarts its com- 
parison testing procedure. 

If sampler 1 10 does not receive a LOCK signal by 
the time its internal counter reaches n, it generates a sig- 
nal that restarts the "set" and "reset" test procedure in 
microcontroller 170. Receipt of a LOCK signal on line 
100 causes the counter in sampler 1 10 to be reset to 
zero. 

As will be understood by those skilled in the art, 
many changes in the apparatus and methods described 
above may be made by the skilled practitioner without 
departing from the spirit and scope of the invention, 
which should be limited only as set forth in the claims 
which follow. 

Claims 

1. A circuit for determining speed and direction of 
movement for use in a single-antenna reader in a 
system including a reader and a transponder dis- 
placed from the reader, comprising: 

means for generating first, second and third 
signals responsive to a signal received from a trans- 
ponder, said first, second and third signals being dif- 
ferentially phased; 

means for detecting and reporting the pattern 
of signal state changes in said first, second and third 
signals; 

means for storing the pattern of signal state 
changes reported by said detecting and reporting 
means; and 

means for comparing the present pattern of 
signal state changes reported by said detecting and 
reporting means with the previous pattern recorded 
in said storage means and for determining speed 
and direction of movement therefrom. 



2. The circuit for determining speed and direction of 
movement for use in a single-antenna reader in a 
system including a reader and a transponder dis- 
placed from the reader of claim 1 in which the means 

5 for detecting and reporting comprises: 

first exclusive-OR gate having for its inputs 
said first and second signals; 

second exclusive-OR gate having for its 
inputs said first and third signals; and 
w third exclusive-OR gate having for its inputs 

said second and third signals; 

3. A circuit for determining direction of movement for 
use in a single-antenna reader in a system including 

is a reader and a transponder displaced from the 
reader, comprising: 

means for generating first, second and third 
signals responsive to a signal received from a trans- 
ponder, said first, second and third signals being drf- 
20 ferentially phased; 

means for detecting and reporting the pattern 
of signal state changes in said first, second and third 
signals; 

means for storing the pattern of signal state 
25 changes reported by said detecting and reporting 
means; and 

means for comparing the present outputs of 
said first, second and third detecting and reporting 
means with the past outputs recorded in said stor- 
30 age means and for determining direction of move- 
ment therefrom. 

4. A circuit for determining transponder speed for use 
in a single-antenna reader in a system including a 

35 reader and a transponder displaced from the reader, 
comprising: 

means for generating a signal responsive to 
a signal received from a transponder; 

means for detecting and reporting signal 
40 state changes in said responsive signal; 

means for determining the frequency of the 
signal state changes reported by said detecting and 
reporting means and for determining speed there- 
from. 
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